Missouri University of Science and Technology

Scholars' Mine
International Conference on Case Histories in
Geotechnical Engineering

(1984) - First International Conference on Case
Histories in Geotechnical Engineering

07 May 1984, 11:30 am - 6:00 pm

Damaging Settlements of a Building Due to Gypsum Dissolution
Minh Phong Luong
Laboratoire de Mécanique des Solides

Follow this and additional works at: https://scholarsmine.mst.edu/icchge
Part of the Geotechnical Engineering Commons

Recommended Citation
Luong, Minh Phong, "Damaging Settlements of a Building Due to Gypsum Dissolution" (1984).
International Conference on Case Histories in Geotechnical Engineering. 8.
https://scholarsmine.mst.edu/icchge/1icchge/1icchge-theme1/8

This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 4.0 License.
This Article - Conference proceedings is brought to you for free and open access by Scholars' Mine. It has been
accepted for inclusion in International Conference on Case Histories in Geotechnical Engineering by an authorized
administrator of Scholars' Mine. This work is protected by U. S. Copyright Law. Unauthorized use including
reproduction for redistribution requires the permission of the copyright holder. For more information, please
contact scholarsmine@mst.edu.

Damaging Settlements of a Building due to Gypsum
Dissolution
M.P. Luong
Maitre de Recherche CNRS LA 317, Laboratoire de Mecanique des Solides

SYNOPSIS Geotechnical facts are presented relating to the damaging settlements of a building due to
gypsum dissolution in the subsoil. Settlement records on the damaged building over a period of 15
months after first disturbances are given in correlation with the ground water pumping volumes from
a well located in the neighbourhood in order to attempta comprehensive interpretation of this case
history.

INTRODUCTION
This paper is concerned with foundation movements that damaged a twenty year old five storey
building of forty-two lodgings located in a northern suburb of Paris.

DESIGN OF THE BUILDING
The site was situated on a slight slope, approximately 1%. Subsurface investigation was made
in 1956 with the use of some test pits and trenches 2m deep. They provided a continuous section
through slope deposits, constituted of a mould
layer, a vegetal sand layer over a clayey marl
layer.
The foundations were laid in 1957 on shallow
spread footings of reinforced concrete two metres below the existing ground level. The design
was based on results of loading tests on plates
and shear tests on some soil samples (unit weight
Y = 15 kN/m 3 ; friction angle ~ = 30° ; cohesion
c = 10 kPa) leading to an allowable bearing
pressure of 150 kPa, although the subsoil was
heterogeneous and presented poor quality foundations. These facts might have focussed the
designer's attention on settlement problem that
had not been examined.

Pholodomya marls (MPH)
• Limestone of Noisy-le-Sec (CN)
Green sands of Monceau (SV)
Marly limestone of Saint-Ouen (SO)
Sand of Beauchamp
Marls and gravelly marls of the Tertiary period
• Limestone
• Sand and sparnacian lignites
• Marly clays
• White chalk with silex.
Site investigation boreholes sunk in close proximity to the damaged building revealed the
geological structure shown in (Fig.l) and they
gave evidence of :

i.- Weak zones recognized by abnormally high
speed of boring with or without rotation of the
drilling tool between 1.50m to 2.30m and 5m to
6m in the infragy~seous marlstone. The volume of
grouting (1000 dm ) during boring was much larger than the theoretical volume (300 dm3). This
explained the existence of voids and solution
cavities in the gypseous layers.
ii.- Existence of an inclusion of vegetal earth
at -Sm deep in the infragypseous marls.
The weakening of the residual gypseous layer located between Sm and 6.50m deep seemed to be
confirmed by the existence of a lenticular zone
of decayed gypsum with tampings of very soft
clays, which can be seen on the walls of an open
test pit (Fig.2).

SUBSOIL PROFILE
The site of the damaged building is situated on
the syncline axis of the River Seine in a northern suburb of Paris. A geological section given by R. Soyer, A. Chabrol and E. Raguin details different geological layers from + 33m to
- lOOm NGF (with reference to sea level), confirmed by recent boreholes.
The descending soil succession is :
Fills (R)
Ancient alluvial deposits and loams (LP)
Infragypseous marls (MIG)
Residual layer of gypsum (G3)
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The geological anomalies are located around the
South West corner of the damaged building where
the most important movements can be detected.

It is important to note that the gyps~ous so
are collapsible because of the solubility of
gypsum caso 4 .2H 2 o in water. This fact is a v
serious phenomenon from the engineering geol
cal point of view . Underground cavities forrr
by dissolution of gypsum may be of enormous
mensions and increase fairly rapidly when sit
ted within the range of ground water fluctua
tions. Extensive irreversible deformations c
the ground surface may occur due to this p hE
menon of suffosion or internal erosion of st
soil.
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The construction of a main-sewe r
for rain ~
ter in the neighbourhood of the building (F :
necessitated the excavation of a well (6.50r
6 .50m x 15.50m) between 31 March 1976 and 1!
June 1976. It was provided with wood sheetiJ
for the first 8.40m then on the lower 7.10m
with Larsen III sheet pile driven in over 5.
deep. Ground water pumping began on 2 June ·
with a discharge of 5 1/ s on 18 June 1976, ·
and on 4 September 1976 , 7 1/ s. A strong wa··
springing was observed on reaching the laye:
marly limestone of Saint-Ouen : 30m 3jh or 8,
1/s. The ground water pumped out from the w•
of the main-sewer presented a gypsum conteJ
about 13 Njm3.
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Fig. 1 - Geological structure of the subsoil
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Fig. 2 - Open test pit
Fig.3 - Layout of the building and the grou 1
water pumping· station
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A petition of the building occupants dated on31
August 1976 emphasized the gravity of alarming
cracks appearing along the whole height of the
building (Fig.4). This testified the occurrence
of these cracks, with sharp edges and clean
fresh inner faces, was posterior to the beginning of the ground water pumping from the well.
This water pumping was indispensible for the
construction of the main-sewer for rain water.

Fig. 5 - Crack opening measurement

LEVELLING RECORDS
A precise level survey was undertaken on the 7
September 1976 with ten stability bench marks
affixed on the fa~ades to estimate the kinematics of the damaged building to an accuracy of
±1mm to 2mm.
The following table I indicates the ultimate
total settlements measured at the ten levelling
stations installed in the building as shown in
the layout of the building (Fig.J).

Fig. 4 - Alarming cracks on the damaged
building

TABLE I. Measured total settlements

Settlement
Station No

SYMPTOMS OF MOVEMENT
Crack opening measurements were begun as soon
as the reference points had been installed
(Fig.S). The 28 October 1976, it was stated
that the building was split in two parts on the
west stairway which presented in the plane a
weak resistance narrowing. Through this stairway, a very important sword stroke can be seen
along the whole height on both fa~ades North
and South. The crack was five centimetres wide
at the top and several millimetres at the
bottom. Inside, the stairs dislocated and
broken plaster was falling. A closure decree
placed at the end of the summer was justified
because there was effectively a danger of
failure .
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CORRELATION BETWEEN PUMPING AND SETTLEMENTS
It was incautions and unwise in an urban zone
that ground water pumping was undertaken in a
gypseous soil without precaution and inspection
of possible movements of buildings in the zone
of influence of ground water level fluctuations.
Lacking the observations and records permitting
a thorough analysis of the many factors involved, a detailed explanation of the observed damage is not simple. An attempt for a more comprehensive interpretation was to examine the
correlation between ground water pumping and
settlements recorded on the building over a long
enough period as shown on Fig.6 and Fig.7. It
can be seen that the most severe cracks and
large movements occurred after a period of intensive water pumping. The delay depends upon
the transmissivity of subsoil layers.
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CONCLUDING REMARKS
The site geological investigation showed that
in the building subsoil there were zones of
weakness or swallow holes due to decayed gypsw
dissolution. The ground water, pumped out from
the well of the main-sewer, had a gypsum content of about 13 N/m3. It was thought that thi
gypsum leaching was connected with the resultir
fluctuation of the water table: As a consequen
ce, the observed disturbances on the damaged
building founded on footings near the surface
were therefore related to gypsum dissolution
and the subsequent decrease of the bearing capacity of the building subsoil.
This case history shows that the widespread
presence of decayed gypsum was the principal
problem in foundation work and particularly da·
maging settlements may occur to a shallow foun
ded building to be constructed on a gypsum soi
site when water flow is activated through the
building subsoil. Damage did indeed occur in
this case.
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Since the completion of the main-sewer construe
tion, the cracks seem to have stabilized and
they have not extended and propagated in the
damaged building. No recent crack or movement
has been detected in the last three years.
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Fig . 6 - Volume of ground water pumping
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Fig . 7- Movements of bench marks N° 6, 7 and 8
located on the south west corner of the
damaged building
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